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INTRODUCTION

Purgose

To determine the fire resistance, flammability and smoke character-
istics of rail transit car body structural panels and materials.

Background

The Boeing Vertol Company of Philadelphia, Pennsylvania, having a
contract with the Department of Transportation for the development of
transit car interiors, requested that the National Aviation Facilities
Experimental Center (NAFEC) conduct fire resistance tests on fabricated
assenblies representative of the side construction of a typical transit
car body. In addition to the fire resistance tests, flammability and
smoke characteristic tests of some of the assembly component were
requested,

This work was accomplished through an agreement between the Federal
Aviation Administration, NAFEC, and the Boeing Vertol Company, Agreement
No. NAFEC 237, Activity No., 920-003-14T. A copy of this agreement is
included as attachment 1.

DISCUSSION

Test Methods

The test methods utilized to determine the fire resistance, flamma-
bility, smoke and carbon monoxide characteristics of the assemblies and
materials provided through the Boeing Vertol Company are described below:

Two-Gallon-per-Hour Kerosene Burner: This method was used to
determine the fire and heat penetration resistance of the fabricated
assemblies,

The 2~gph kerosene burner consists of a converted oil burner
modified to produce a 2000°F flame with a total heat flux of 16 Btu per
sq ft per sec and an approximately 6~ by ll-inch elliptical flame pattern
on the test specimen.

The burner simmlates the heat output of a large fuel fire and
is normally used in the NAFEC laboratory to test the fire resistance of
aircraft  fuselage sections. However, since the purpose of this test
was to examine the effect of a platform or trash fire on a transit car
body exterior, the burner was positioned such that a temperature of
approximately 1650°F was recorded on the exterior surface of the panel.



The 2-foot-square panel was bolted or clamped to the open end of,
a 16-cubic-foot closed rectangular box. A glass window at the opposite
end of the box allowed for observation and movies of the panel's interior
surface.

Temperatures were measured (1) near the flame exposed surface of
the test panel (flame temperature); (2) behind the insulation material;
(3) on the interior surface of the test panel (3 thermocouples with
spring tension against the surface); and (4) inside the test box, 1% to
2 inches from the surface of the panel.

In addition to temperature measurements, the test box is
equipped with a photometer for measuring the smoke density, utilizing a
photocell/light source to measure the percentage of light transmission
through a distance of 2 feet,

Radiant Panel: A detailed description of this test method is found
in part 14 of the American Society for Testing and Materials (ASTM)
standards as E-162-67, titled, "Surface Flammability of Materials Using
a Radiant Heat Energy Source."

Basically this test method employs a radiant heat source
consisting of a 12-by 18-inch panel operating at a temperature of 1238°F
in front of which is placed an inclined 6~ by 18-inch specimen. The
orientation of the specimen is such that ignition is forced by a pilot
flame impinging on the upper edge and the flame front progresses
downward.

A factor derived from the rate of progress of the flame front
and another relating to the rate of heat liberation by the material are
combined to provide a flame spread index (Ig).

NBS Smoke Chamber: This method was utilized to determine the levels
of smoke and carbon monoxide generated during combustion of the materials.

The test employs an electrically heated radiant energy source
producing an irradiance level of 2.2 Btu per sq sec on the surface of a
vertically mounted 3- by 3~inch specimen. In addition to the radiant
heat source, a six-tube burner is provided to apply a row of premixed
(air-propane) flamelets across the lower edge of the specimen. The
materials are tested for two fire exposure conditions, (1) smoldering
or nonflaming and (2) flaming, within a closed 18-cubic-foot chamber. A
photometer system with a 36-inch-vertical light path measures the continu-
ous decrease in light transmission as smoke accumulates. Results are
expressed in terms of specific optical density (Dg), derived from a
geometrical factor and the measured optical density (light absoxbance).



A more detailed description of the test method and apparatus can be
obtained from NBS Technical Note 708, titled, "Laboratory Evaluation of
Smoke Density Chanmber" or National Fire Protection Association (NFPA)
258-T-1974 tentative "Standard Test Method for Measuring the Smoke
Generated by Solid Materials," printed in the 1974 NFPA book of Technical
Committee Reports, Volume 1B.

Carbon monoxide was &also measured during the smoke test by sampling
from the geometric center of the smoke chamber into a Mine Safety
Appliance (MSA), Lira Model 303, infrared analyzer. This instrument is
capable of continuously measuring CO in a range extending from 0-2000 parts
per million (ppm).

Test Results

Two-Gallon-per-Hour Kerosene Burner: Four panels of different
construction representative of a typical transit car body side assembly
were tested for flame and heat penetration resistance with the 2-gph
kerosene burner test apparatus.

Test 1 - Acrylic (Swedlow) composite construction consisting
of 0.10-inch fiberglass sheet with 0,10-inch acrylic facing, 0.75-inch
aluminum honeycomb core, 0.10-inch fiberglass sheet, 3-inch aluminum
channel stiffeners, 2.5-inch aluminum-backed fiberglass insulation, and
0.14-inch fiberglass sheet with 0.10-inch acrylic facing.

Temperatures were recorded at six different locations and are
contained in table I. There was no measurable increase in backface
temperature after the 10-minute test nor accumulation detected by the
photometer.

Observations made during the test showed that blistering of
the acrylic material started at about 0.5 minute after the flame was
applied and increased in size until 1.25 minutes. Charring of the acrylic
material extending outside of the flame pattern was observed at 1.5 minutes.
The exposed surface of the panel appeared to be flaming after 3.25 minutes
and flaking off at 3.5 minutes. Flashing of the exposed surface was
observed at 8.0 minutes, and flaming continued for approximately 1 minute
after burner removal.

Test 2 - Balsa core composite consisting of 0.13-inch fiber-
glass reinforced laminate with 0.13-inch acrylic (Swedlow) facing,
0.75-inch end-grain balsa core and fiberglass reinforced laminate backface.
The edges of the panel were sealed with aluminum; however, for this test
three holes were drilled in the lower edge of the panel to allow pressure
release.

Temperatures are tabulated in table I. The backface
temperature only increased 40-60°F by the end of the test.



Observations made during this test were almost identical to
test 1. After 10 minutes there was no burn-through and no measurable
smoke inside the test box.

Test 3 - Stainless steel construction consisting of a
0.09-inch stainless steel exterior sheet with inside surface coated with
red oxide primer and Insulmat, Corten Z stiffeners, aluminum-backed
3-inch fiberglass insulation, and formica-covered 0.125-inch aluminum
interior panel,.

Temperature data are tabulated in table I. - A small increase
in backface temperature similar to the previous test was measured. The
temperature of the insulation backface reached 36C °F at 10 minutes and
apparently was high enough to melt the adhesive used for bonding the
Formica covering to the aluminum, This was determined by the observation
of a heavy dark oily substance dripping from the lower edge of the panel
and the strong adhesive odor detected at approximately 3 minutes. Exam-
ination of the panel after the test showed some scorching of the insulation.
No smoke was detected.

Test 4 - Aluminum construction composed of a 0.125-inch aluminum
exterior sheet with red oxide primer inside coating and Insulmat, aluminum
stiffeners, 3-inch aluminum-backed fiberglass insulation, and Formica
covered 0,125-inch aluminum interior panel.

Temperatures recorded during this test are in table I.
Thermal profiles were similar to the two previous tests.

Warping of the aluminum exterior skin caused several of the
spot welds which attached the skin to the aluminum stiffeners to pull apart.
This allowed heavy smoke to escape from the inside of the panel (probably
from the heated primer and insulation). The exposed aluminum began to
soften, and melting appeared imminent at the end of the 10-minute test.

Radiant Panel: Three of the materials used in the construction of
the panel assemblies were tested on the Radiant Panel.

Material No. 1 - 0.10-inch fiberglass sheet with 0.10-inch
acrylic facing (Swedlow). Three specimens of the material were tested.
The average flame spread index (Ig) was 74.7 for this material.

Flashing of pyrolysis gases and flaking of the acrylic
material were witnessed during this test. Smoke was somewhat acrid and
gray in color. :

Exhaust stack temperatures recorded during the 15-minute
. test are listed in table II. To determine the increase in temperature
from material combustion, subtract 200°C (180°C radiant panel plus 20°C
pilot flame contribution) from the temperature.



Material No. 2 - Formica bonded to 0.125-inch aluminum. Radiant
panel tests resulted in an average Ig of 28 for three test specimens.

Snapping and crackling of the of the formica material
occurred as the surface of the material blistered. Heavy white smoke was
observed emitting from the exposed surface.

Exhaust stack temperatures are shown in table II., The maxi-
mum average stack temperature increase was 43 C less than measured for the

acrylic/fiberglass laminate.

Material No. 3 - Fiberglass sheet with acrylic (Rohm and Haas)

facing.

Only two specimens of this material were tested., Surface
burning was rapid, reaching the 15-inch mark by 6 minutes., The average
I for the two specimens was 192, which was considerably greater than the
two previous materials. A heavy black smoke with a very acrid odor was
observed.

Exhaust stack temperatures are shown in table II. The
temperature rise can be determined as in the previous two tests; however,
the initial stack temperature was 10°C lower. The maximum average stack
temperature increase was 66°C and 109°C greater than materials 1 and 2,
respectively.

NBS Smoke Chamber: Smoke density and carbon monoxide concentrations
were measured in the NBS chamber for the same three materials previously
tested with the Radiant Panel.

Material No. 1 - 0,10-inch fiberglass sheet with 0.10-inch
acrylic (Swedlow) facing. Smoke and CO data are shown in tables III and
IV for flaming and smoldering exposure test conditions, respectively. For
both exposure conditions, smoke and CO levels were still increasing at the
end of the 20-minute tests. The concentration of smoke was comparable for
both exposure conditions; however, the flaming CO levels were a factor of
10 or more greater than the smoldering values.

Material No. 2 - Formica bonded to 0.125-inch aluminum, Flaming
and smoldering smoke and CO data are in tables V and VI. Smoke reached a
peak concentration near the end of the test of Dy = 130 and 102 for flam-
ing and smoldering conditions, respectively. The concentration of CO
increased throughout the test and was greater under flaming exposure
(1063 ppm vs. 638 ppm at 20 minutes).

Material No. 3 - Fiberglass sheet with acrylic (Rohm and Haas)
Facing. Only two specimens of this material were tested in the flaming
test condition, Results of these tests arc contained in table VIT.
Compared to the Swedlow acrylic/fiberglass laminate, the smoke was two to
three times greater and the CO was about the same.




Table VIII contains test results of specimens that because
of the lack of available materials only one test could Le made. These
tests include:

1. Formica material removed from the 0,125-inch aluminum
sheet, flaming test condition.

2. Formica material removed from the 0.125-inch aluminum
sheet, smoldering test condition.

3. Fiberglass sheet with acrylic (Rohm and Haas) facing,
smoldering test condition. Both smoke and CO levels were significantly
higher than evidenced with the Swedlow fiberglass/acrylic laminate.

'§ummarx

The four rail transit car body side assemblies when tested for fire
resistance and flame penetration utilizing the 2-gph kerosene burner showed
no flame penetration of the exterior (exposed) surface after being subjected
to the 1650-1750°F flame. There was no recorded smoke accumulation inside
the test box and no excessive high temperatures behind the insulation
materials or interior surface of the panel. The acrylic (Swedlow) com-
posite construction material had the lowest temperatures both behind the
insulation material and on the unexposed surface.

The radiant panel flame spread index for the Swedlow acrylic/
fiberglass laminate was much lower than the similar Rohm and Haas material
(Ig = 75 vs. 192). An even lower rating was obtained with the Formica/
aluminum laminate (Ig = 29), which undoubtedly was favorably influenced by
the aluminum heat sink effect. Both acrylic/fiberglass laminate are well
above the goal of Ig = 25 sometimes set by regulatory bodies and material
developers.,

The smokiest material tested was the Rohm and Haas acrylic/fiberglass
laminate which attained maximum specific optical densities of 425 and
368 under flaming and smoldering conditions, respectively. 1In comparison,
the maximum smoke was in the 100-200 range for both the Swedlow acrylic/
fiberglass and Formica/aluminum laminates.

Carbon monoxide levels were high and comparable for both acrylic/
fiberglass laminates during flaming test conditions. Under smoldering
exposure, the CO level decreased substantially (roughly a factor of 10).
In contrast, the CO levels for the Formica/aluminum laminate were below
the acrylic/fiberglass laminate for flaming but above for smoldering
conditions. The concentration of CO increased throughout the test for all
materials and exposure conditions.
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MEMORARDIM OF ACREEMENT
Between

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

NAFEC 237
and {Agvcement No.
BOEING VERTOL CO, 920-003- 14T

(Activity No.)

WHEREAS, the Federal Aviation Administration, hereinafte: referred
to as the FAA, is in a position to furnish directly or by contract supplies,
equipment, and services that are not readily available from commercial
sources, and which Boeing Vertol Co., hereinafter referred to as Vertol, has
funds available for and has requested, be obtained from the FAA as
hereinafter set forth.

WHEREAS, FAA Order 2500.35B, dated July 7, 1972, authorizes the
furnishing of supplies, equipment and services by FAA to Vertol upon a
reimbursable basis.

WHEREAS, NAFEC is in a position to furnish directly or by contract,
supplies, equipment, and services that are not readily available from
commercial sources and which Vertol has requested be obtained from the FAA
is hereinafter set forth.

NOW, THEREFORE, the FAA and Vertol mutually agree as follows:
ARTICLE 1 - Transit Car Sidewall Fire Tests

l. The work to be performed by the FAA will consist of fire tests on
transit car sidewall sections. Testing will commence on or about June 10,
1974 (at the earliest date the sections can be fabricated and delivered to
NAFEC). The following number of tests will be conducted:

3 2-gph burner
9 radiant panel (ASTM E-162)
18 NBS smoke chanber

Three sidewall configurations, consisting of stainless steel, aium®-um and
fiberglas outer skins, will be tested to measure resistance agalnst an
external fire using the 2-gph burner. The flammability and swoke charac-
teristies of three candidate fiberglas sheets will be determined with the
radiant panel (three replicate runs) and ¥BS smoke chamber {threa replacdxe
Tuns, Lwo exposure conditions), A brief test report will be prevered Jfou
the purpose of documenting the teat procadures and recording, anzlszing, and
comparing the data. The report will be issued to the customer 3 woel
initiat.un of testing. Such work will be performed at the Fifi wafPo
idms 203 fire test faellity.




2. The FAA will use its hest efforts Us accowplish the work in
accordance with the above genersl work statement, The FA4 will perform
this work on a non-interference basis, i.e., subject to necessary schedule
arrangements as made by the FAA. In this connection, the FAA will furnish
the following supplies, services, and equipment:

a. Test report.
b. 16 mm color moticn picture film of 2-gph burner tects.
3. It is agreed that Vertol will:
a. Provide an Agreement Manager, authorized to formalize by
an appropriate written amendment any change in the supplies/

services later deemzd necessary.

b. Provide NAFEC with test specimens in size and configuration
compatible with the aforementioned three fire test methods.

ARTICLE II - Payment of FAA Costs

1. Vertol shall reimburse the FAA for all direct and indirect costs
incurred by the FAA in performing work under this agreement, including
but not limited to labor, supplies, materials and equipment, and outside
contractual support. In addition, as reimbursement for overhead services
costs Vertol will pay to the FAA a flat rate of 10 percent.

2, Upon revocation or termination of this agreement, for any cause,
Vertol will reimburse the FAA for all necessary liquidating expenses.

3. The following are the'estimated costs only (charges, however,
will be based on actual costs):

10 Engineer man days @ $13.56/hr = $1,08%,80
7 Engineering Technician man days @ $11.11/hr = 622.16
1 Photographer man days @ $12.48/hr = 98,84

Total $1.806.80
Administrative Overhead (10%) w 180,48
Total estimated cost ' $1,987.438

4. FAA billings will itemize the actual costs for laber, suvolies,
materials, equipment, and contractual support furnished to Verrel uader
this agreement. The FAA will utilize its best efforts to accompiish che
work within the estimated cost, and will advise Vertol when ii iy deftes-
mined that the actual cost will exceed the estimated cost. Fia billing
will be rendered periodically, but not less frequently than after the
close ot esch quarter during the PAA's fiscal year. ;

S




5. Vertol hereby identifies the office to which FAA bills will be
rendered as Mr. William Dunton
P. O. Box 16858
Philadelphia, Pa. 19142
(Mail Stop P41-06).

6. Payment shall be submitted to the Chief, Accounting Division,
ANA-20, NAFEC, Atlantic City, New Jersey 08405.

ARTICLE III - Amendment

Any change in supplies, equipment, or services to be furnished under
this agreement shall be formalized by an appropriate written amendment to
the agreement which shall outline in detail the exact nature of the change,
Vertol Agreement Manager, provided in Article 13a, above, will be authorized
by Vertol and recognized by FAA to formalize and approve for Vertol all
amendments required by Vertol.

ARTICLE IV - Effective Date

1. This agreement supersedes any previous agreements between the
parties on the subject matter set forth in Article I, hereof, and is
effective when signed by duly authorized representatives,

2. The program may be conducted over a period of approximately
21 calendar days beginning on or about June 10, 1974,

ARTICLE V - Liability

Vertol agrees to hold the FAA harmless against any claim hy Vertol,
or third person, for personal‘injury, death, or property damage arismng nut
of work under this agreement. Vertol further agrees to reimburse tha FAA
for any damage to the FAA's property arising out of work under this ®
agreement, '

ARTICLE VI - Date and Publications

Vertol may disseminate and use freely all data resultiung from thesa
tests, provided that no such data shall be published or othzrwise disclosed
by Vertol for product promotion or advertising purposes, that woul: siate
or infer FAA endorsement, except as may be authorized in writing by che
Director, NAFEC,

ARTICLE VII - Termination

Prior to. commencing of work hereundexr, this agreement may be _
terminate: at any time by =2icher party wich 5 days advance wiiiuees notics.




The FAA and Vertol agree to (ke provisions of this agreement as
indicated by the signatures of their duly authorized officers.

DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMINISTRATION VERTOL
By: By:
Title: Title:
Date: : Date:
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